Background: Intimate partner violence (IPV), HIV and sexually transmitted infections (STI) can contribute to disparities in population health, depending on the individual, social and environmental factors characterizing a setting. To better understand the place-based determinants and patterns of these key interrelated public health problems in Uganda, we compared risk factors for IPV, HIV and STI in fishing, trading and agrarian communities in Rakai, Uganda by gender.
Background
Intimate partner violence (IPV) and HIV infection are key interrelated public health problems worldwide, disproportionately impacting sub-Saharan Africa. Globally, 30% of ever-partnered women experience lifetime prevalence of IPV, with slightly higher estimates (36.6%) reported in sub-Saharan Africa [1] . The burden of HIV is also disproportionately high in this region with an estimated 25.6 million people living with HIV in 2016, compared to global estimates of 36.7 million [2] . A complex relationship exists between IPV and HIV infection [3] [4] [5] [6] [7] [8] [9] [10] with multiple pathways and bi-directionality between the two outcomes [4] . Sexual IPV may directly lead to HIV acquisition by forced condomless sex or inability to negotiate condom use with an infected, violent partner. Further evidence suggests that men who use violence against their partners are more likely to engage in a range of high risk sexual (e.g., multiple partners and condomless sex) and/or drug use (e.g., hazardous alcohol use and injection drug use [11] ) behaviors, relative to men who are non-violent [9] . Biological mechanisms are also thought to play a role by indirectly increasing risk for HIV and other sexually transmitted infections (STIs) through trauma to the vaginal or rectal mucosa [7] . Further, chronic stress experienced by IPV victims is hypothesized to increase susceptibility to HIV/STI infection by compromising the immune system [9] . Conversely, disclosure of one's HIV status to a partner can also act as an antecedent to perpetration of IPV.
The co-occurring and intersecting nature of the epidemics of IPV, HIV and STI are referred to as syndemic, or a set of two or more epidemics, interacting synergistically and contributing to excess burden of disease in a population [13] . The presence of syndemic conditions are known to be driven by multiple factors (at different ecological levels, such as individual, relationship and community) in the social environment. The syndemic theory provides a useful framework for studying the interaction between co-occurring epidemics and identifying contextual factors that could be targeted in addressing these epidemics [13, 14] This paper uses a syndemic approach [13] to examine prevalence and correlates of IPV, HIV and STI among men and women in three distinct community types in Rakai, Uganda.
Substantial evidence has already been generated by the Rakai Health Sciences Program (RHSP) on the relationship between IPV and HIV infection in agrarian setting of Rakai, Uganda. Data collected over a period of 10 years from 15,080 adult women found 59 and 29% experienced lifetime, and past year IPV (including physical, sexual and verbal), respectively [5, 12] . In an analysis of Rakai data, 14.4% of adolescent females (15-19 years) experienced forced first sex [12] . Many adverse reproductive and relationship-level outcomes have been associated with partner-level violence, including unintended pregnancy [5] , higher rates of genital tract symptom [5] , attempted abortion [15] , and union dissolution through divorce or separation [16] . Significant associations were also found between IPV and incident HIV. The estimated adjusted population fraction of HIV attributable to IPV in Rakai is 22% (95% CI 12.5-30.4) [5] . Longitudinal data from Rakai, Uganda, has demonstrated that IPV is a risk factor for HIV incidence, with an adjusted HIV incidence rate ratio (IRR) of 1.55 (95% CI: 1.25-1.94) among women with lifetime experiences of IPV relative to those with no history of IPV [5] . Meta-analyses of these data from Uganda, as well as South Africa and Rwanda, demonstrate similar associations with sexual IPV (pooled odds ratio (OR): 1.77, 95% CI: 1.00-1.46), physical IPV (pooled OR: 1.22; 95% CI: 1.02-1.46), and any IPV with HIV acquisition (pooled OR:1.28; 95%CI:1.00-1.64) [6] . Risk for HIV acquisition associated with IPV may be compounded by the presence of other common risk factors, such as co-infection with STIs, including genital ulcerative diseases [17] [18] [19] [20] . However, the impact of these synergistic interactions on IPV has not been fully explored across or between all age groups in the different community types in Rakai. Shared risk factors contributing to both incident IPV and HIV include gender inequality, young age, lower socio-economic status, unemployment and poverty [7, 15] . Taken together, these results suggest an urgent need for combination programming to prevent violence against women and HIV infection.
To be effective, prevention programming must be tailored to meet the needs of those exposed to the intervention. Global research has found different forms of IPV (e.g., sexual IPV vs. physical IPV) occur at different rates depending on the type of geographic location characterizing the population [21] . Findings from Nigeria, for instance, suggest an increased burden of IPV in agrarian communities, relative to urban communities [22] . Systematic reviews to understand the contribution of living in urban or rural communities on IPV has further identified differences in frequency, duration and severity of IPV perpetration [21] . Little research, however, has investigated environmental differences in the relationship between IPV and STIs, including HIV, in the distinct community types found in rural African settings like Rakai. As proven prevention approaches are extended to new regions throughout Rakai and neighboring districts (and across Uganda and sub-Saharan Africa) it is important to understand the geographic places, populations and characteristics of those most affected by HIV/STIs and IPV to tailor programs that can effectively meet the specific needs of those in each area. In this study, we analyzed data from the Rakai Community Cohort Study (RCCS), an ongoing, longitudinal HIV and reproductive health surveillance cohort to assess the epidemiology of IPV victimization and perpetration among women and men across distinct community types, including fishing, trading and agrarian communities, in Rakai Uganda. Employing a syndemic [13, 14] approach, this study aimed to identify unique correlates of IPV, HIV, and STI outcomes in these communities.
Methods
We analyzed cross-sectional data collected between January 2010 and June 2011 as part of the RCCS, a population-based open cohort study of consenting men and women aged 15-49 years. The analysis was restricted to data collected from lifetime sexually active male and female RCCS participants living (for at least 6 months) in 4 fishing, 15 trading and 19 agrarian communities in Rakai, Uganda. The RCCS was initiated in 1994 and between 2010 and 2011 (when data for the current analysis were collected), the survey was conducted in 38 communities in the Rakai district of southcentral Uganda [23] . Each survey round was preceded by a household census of all residents. During each survey round, a standardized questionnaire covering self-reported behaviors was administered privately by interviewers of the same sex, and biological samples were collected to test for HIV and other relates issues. All RCCS respondents provide written informed consent. The study was approved by Ugandan and US Institutional Review Boards (The Uganda Virus Research Institute's Research and Ethics Committee, the Uganda National Council for Science and Technology, and the Western IRB).
Measures
Dependent variables of interest included HIV, STI symptomatology, and IPV victimization or perpetration. HIV infection was diagnosed using a three-rapid test algorithm and confirmed by two enzyme immunoassays (EIAs) with Western blot or PCR confirmation of discordant EIAs and/or new seroconverters. STI symptoms were self-reported and included genital ulcers, genital discharge or dysuria in the past 12 months. IPV victimization of women was assessed by women's reports of physical or sexual abuse by an intimate partner within the past 12 months. Recent physical and sexual IPV were measured using an adapted version of the Conflict Tactics Scale [24] . Physical IPV was measured by asking if within the past 12 months, the current partner engaged in behaviors such as pushing, pulling, grabbing, kicking, slapping, punching, burning and strangling. Sexual IPV was measured by asking if within the past 12 months the current partner engaged in sexually abusive behaviors such as physically forcing a partner to have sex or forcing to perform sexual activities. IPV perpetration by males was assessed by asking the same questions (described above) about physical or sexual abuse, but in the opposite direction, e.g., if within the past 12 months, the partner pushed, pulled or slapped his partner.
Individual background characteristics
Age was categorized into 15-24, 25-34, and 35+ years. The categories of marital status included the following: never married, married-polygamous, married-monogamous and previously married (i.e., divorced, separated or widowed). Religion included Catholic, Protestant, Muslim and other. Education was the number of years of education. Occupation was categorized as agriculture, housework, fishing, shopkeeper, business or trading, bar or restaurant worker and other. Household characteristics included household wealth categorized into high, middle and low based on building material, modern objects and utilities of the household. Family size was based on number of individuals in each family. We also assessed for forced sex at sexual debut (dichotomous) and age of first sexual intercourse. Age of first sexual intercourse was categorized as 12 years and under, adolescence (13-17 years), and 18 years or older.
Sexual behaviors included dichotomous variables of participant's alcohol use before sex in the past 12 months (yes/no), partner's alcohol use before sex in the past 12 months (yes/no), and perceived likelihood of the partner being exposed to HIV (Very likely/somewhat likely and not likely). We assessed the age gap between partners using the following categories: 1-5 years, 6-10 years, 11-15 years, and more than 15 years. Condom use was categorized as always, sometimes or never used condoms in the past year with a non-primary partner or a non-marital partner. Individuals with multiple sexual partners were defined as those who had two or more sexual partners (marital or non-marital) within the past year. Partner's multiple sexual relationships was defined as a respondent's report that their partner had sexual relations with persons other than themselves in the past 12 months. Recent casual partnerships were assessed using self-report categorized into two: a) recent partner being a spouse or a consensual regular partner, and b) recent partner being an irregular partner. Numbers of partners outside the community or residence were coded as none, one, or two or more partners outside community of residence. All sexual behavior variables were assessed by self-report.
Social/community norms
Justification of wife beating was assessed by asking "do you think a man is justified in beating his wife or partner if she neglects household responsibilities, disobeys her husband or elders, uses contraception without permission of her husband, refuses to have sex with her husband/partner, if her husband/partner learns about her positive HIV sero status, if her husband/partner learns about his HIV own sero status, if she argues over money, if she is unfaithful or other reasons.
Community types
Fishing community includes communities on Lake Victoria whose primary occupation relates to fishing (e.g., fish processing, boat ownership) [27] . Trading communities are classified based on the proportion of population reporting trading as their primary occupation being in the top quartile among all RCCS communities [27] . Additional characteristics include households in big town, many households, high mobility, and easy access to major roads. Agrarian communities include those with primary occupation as agriculture. These communities are far off from the main roads, and from big or small towns. Agrarian communities are also characterized by very limited trading activities.
Statistical analysis
Descriptive analysis with chi-square tests was conducted to compare the three community types based on IPV victimization/perpetration, HIV infection, STI symptoms and socio-demographic/household characteristics. Multivariable regression models were run for the total population, followed by separate multivariable models which were implemented in stratified form by gender and community type. This allowed for identification of individual-level, relationship-level and household-level correlates of IPV, HIV infection and STI symptoms across gender and community types. Variables significantly related with the outcomes at p < 0.05 in bivariate analysis were included in the multivariable model. We assessed for multicollinearity using the correlation coefficient matrix. Multilevel modified Poisson regression models with robust variance were used to estimate adjusted prevalence ratios (adjPRR) and 95% confidence intervals (95% CI). IPV was included in all models for the HIV and STI outcomes. Multivariate models were fit for the whole population and stratified by gender for the three community types. Models were also stratified by occupation. We included a random intercept for community and households. Since the fishing community had only 4 sub-communities, we included community as a fixed effect variable and household as a random effect variable for the fishing communities. For trading and agrarian communities both community and households were included as random effects. All analyses were performed with Stata Version 14.0 (College Stations, TX) using the gllamm procedure.
Results
The sample consisted of 14,464 sexually active respondents (54.8% females, n = 7933; 45.1% males, n = 6531). Approximately 23% of the participants (n = 3316) were living with HIV (women 25.6% vs. men 19.5%, p < 0.001) and 20.8% (n = 2378) self-reported STI symptoms (women 26.1% vs. men 15.6%, p < 0.001). Recent IPV victimization was reported by 21.2% (n = 1535) of women while 11.8% (n = 715) of men reported perpetration.
Community and gender differences in HIV infection, past year STI symptoms, IPV experiences and HIV/STI risk behaviors: descriptive findings
As shown in Table 1 , sexually active participants in the fishing communities were significantly more likely to be HIV positive (42.3%) compared to trading (16.7%) and agrarian communities (15.6%, p < 0.001). A greater proportion of participants in the fishing communities also reported STI symptoms (34.3% versus 15.9% in trading and 16.3% in agrarian communities; p < 0.001) in the past year (Table 1) . Table 2 shows that fishing communities were also characterized by a higher proportion of men reporting perpetration of IPV in the past year (17.5%), relative to men in the trading (9.2%) and agrarian (9.4%) communities. Similarly, as shown in Table 2 , a higher proportion of women in the fishing communities (33.4%), relative to women in the trading (17.9%) and agrarian (17.1%) communities reported past year IPV victimization. Compared to agrarian (13.8%, n = 250), and trading communities (14.5%, n = 251), more than a quarter of the women in the fishing communities also reported forced sex experiences during their first sexual encounters (26.8%, n = 470, Table 2 ). With respect to HIV-related risk behaviors (Table 1) , a significantly greater proportion of the participants in the fishing communities than those in trading and agrarian communities reported having multiple sexual partners (44.1%, n = 1570), recent casual relationships (5.9%, n = 222), two or more partners outside the community in the past 12 months (10.7%, n = 379), having a partner with multiple sexual relationships (57.1%, n = 765), use of alcohol before sex (39.7%, n = 1502) and partner's use of alcohol before sex (40.6%, n = 1537) (p < 0.001; Table 1 ). Further, a significantly higher proportion of participants in the fishing communities perceived their partner to be exposed to HIV (82.1%, n = 3075) (p < 0.001). Among the household variables, a majority of participants in the fishing communities had low household wealth (65.2%, n = 2403) when compared to those in trading (10.3%, n = 499) and agrarian communities (12.4%, n = 728) (p < 0.001; Table 1 ).
Factors associated with HIV infection, past year STI symptoms and IPV experiences, by community type and gender: multivariate findings HIV Outcome Fishing Communities In fishing communities, participants in the older age groups (25-34 years: adjPRR = 1.80, 95% CI = 1.22-2.65 and 35 years and above: adjPRR = 1.87, 95% CI = 1.25-2.78) were significantly more likely to be HIV positive than those in the younger age groups (15-24 years of age). Men were less likely to be living with HIV than women (adjPRR = 0.57, 95% CI = 0.42-0.78). Having a partner who was HIV infected was associated with being HIV positive (adjPRR = 1.70, 95% CI = 1.04-2.76).
Stratified analysis by gender and community type (Table 3) demonstrated that men and women in the older age groups in fishing communities were more likely to be HIV positive than those in the younger age groups. Notable differences across genders were observed in household characteristics. Men in fishing communities who belonged to larger families were more likely to be HIV positive than those who belonged to smaller families (adjPRR = 1.07, 95% CI = 1.01-1.14). In contrast, for women, a larger family size was related to a lower likelihood of being HIV positive (adjPRR = 0.94, 95% CI = 0.90-0.97). While household wealth was not significantly associated with HIV status among men, women in fishing communities who belonged to low income/wealth households were significantly more likely to be HIV positive than those who belonged to high income households (adjPRR = 0.94, 95% CI = 0.90-0.97). After adjusting for other variables, sexual behaviors were not significantly correlated with a positive HIV status among men. However, for women, use of alcohol before sex (adjPRR = 1.17, 95% CI = 1.01-1.36) and belief that the male partner was likely to be exposed to HIV (adjPRR = 1.79, 95% CI = 1.30-2.46) were significantly associated with HIV infection.
Trading Communities In trading communities, female gender was significantly related to a positive HIV status. Men were 57% less likely to be HIV positive than women (adjPRR = 0.43, 95% CI = 0.21-0.89). Participants in current or previous marital relationships were more likely to be HIV positive than those who were never married. Belief in partner being HIV positive was positively and significantly associated with HIV positive status (adjPRR = 3.13, 95% CI = 1.31-7.47).
In the stratified analysis of trading communities by gender (Table 3) , men in the older age groups were more likely to be HIV positive than those in the younger age groups. Men who were from Catholic religion were more likely to be HIV positive than those from Protestant or Muslim religious background. Among partner variables, both men and women's current or previous marital status was significantly related to HIV positive status. However, perceptions of partner being HIV positive was significantly related to HIV positive status among men, but not among women.
Agrarian Communities In the overall sample of agrarian communities, being in the older age range (adjPRR = 1.65-1.68) or being currently (adjPRR = 2.59-3.49) or previously married (adjPRR = 4.65, 95% CI = 2.37-9.11) were significantly related to HIV positive status. Participants who reported initiating sex in childhood (12 years and under; adjPRR = 1.65, 95% CI = 1.02-2.66) or adolescence (13-17 years of age; adjPRR = 1.48, 95% CI = 1.12-1.96) were more likely to be HIV positive than those who initiated sex at 18 years of age or later. Having multiple sexual relationships (adjPRR = 1.47, 95% CI = 1.07-2.01), partner likelihood of being exposed to HIV (adjPRR = 2.38, 95% CI = 1.75-3.24) and small family sizes (adjPRR = 0.89, 95% CI = 0.83-0.96) were also significant factors associated with HIV positive status among agrarian participants.
In the stratified analysis by gender (Table 3) , both men and women in the 25-34-year age groups were significantly more likely to be HIV positive than those in 15-24-year age range. Occupation type was significant for women, with those working in bars/restaurants more likely to be HIV positive than those involved in housework. Among relationship factors, while current and previous marital status was associated with HIV positive status among men, only previous marital status was significantly related to HIV positive status among women. Both agrarian men and women in multiple sexual relationships and those who perceived their partners to be HIV positive were significantly more likely to be HIV positive themselves. Partner's alcohol use was a significant factor for women with women whose partners used alcohol before sex more likely to be HIV positive (adjPRR = 1.87, 95% CI = 1.37-2.54). Among household variables, belonging to a smaller size family was inversely associated with HIV infection among both men (adjPRR = 0.91, 95% CI = 0.85-0.98) and women (adjPRR = 0.89, 95% CI = 0.82-0.96).
STI Outcome
Fishing Communities Female gender and being married with multiple partners (adjPRR = 2.28, 95% CI *All values for gender differences within communities were significant at p < 0.001 In the stratified analysis by gender (Table 4) , men in fishing communities who always used condoms (adjPRR = 0.38, 95% CI = 0.24-0.63) were significantly less likely to report STI than those who never used condoms. Among women, increased years of education was associated with being less likely to report STI symptoms (adjPRR = 0.94, 95% CI = 0.89-0.99). Physical or sexual IPV in the past year was significantly associated with STI symptoms among women in fishing communities (adjPRR = 1.31, 95% CI = 1.08-1.58).
Trading Communities Always using condoms was a protective factor for STI among men in trading communities. However, engagement in multiple sexual relationships (adjPRR = 2.09, 95% CI = 1.21-3.62) was correlated with self-reported STI symptoms among men. Engagement in multiple sexual relationships was also related to STI symptoms among women (adjPRR = 1.50, 95% CI = 1.06-2.10). Other correlates of STIs among women in trading communities included being in current or previous marital relationships, type of occupation (i.e., engagement in business or trading occupations versus housework (adjPRR = 1.38, 95% CI = 1.04-1.83), and exposure to physical or sexual violence (adjPRR = 1.59, 95% CI = 1.37-1.84; Table 4 ).
Agrarian Communities In the total sample of agrarian communities, agrarian women and those in the younger age groups appeared to be at greater risk for STI symptoms. Participants in the 35 and above age category were significantly less likely to have an STI than those in 15-24 age range (adjPRR = 0.53, 95% CI = 0.36-0.78). Participants in current monogamous marital relationships were significantly more likely to report an STI than those who were never married (adjPRR = 5.14, 95% CI = 1.79-14.7). Multiple sexual relationships (adjPRR = 1.48, 95% CI = 1.04-2.09) were also significantly related to STI symptoms. Participants belonging to larger families were 9% less likely than those from smaller families to report an STI (adjPRR = 0.91, 95% CI = 0.85-0.97).
In stratified analysis, both men and women from smaller families were more likely to report STI symptoms than those from larger families. Other factors were not related to STIs among agrarian men. In contrast, having a partner Bold presents significant variables; Only variables significant at .05 level in the univariate analysis were entered into the multivariate model; The types of occupation categories were changed for males and females in fishing, trading and agrarian communities. In fishing communities, fishing was the reference group for males with other occupation categories being agriculture, business and other; In trading communities, males' occupation types were classified into trading, agriculture and other with trading being the reference group; For males in agrarian communities, the reference group was agriculture, with business/trading and other categories. For women, occupation categories included housework, agriculture, business, hotel/bar and other with housework as the reference group with multiple sexual relationships appeared to be correlated with self-reported STI among agrarian men (adjPRR = 1.44, 95% CI = 1.05-2.00; Table 4 ).
IPV Outcome
Fishing Communities Women in fishing communities were more likely to have reported IPV than men. Men and women who provided any one justification for IPV were more likely to report recent IPV perpetration or victimization, respectively (adjPRR = 3.26, 95% CI = 1.74-6.10). Those who always used condoms were significantly less likely than those who never used condoms to have reported IPV (adjPRR = 0.45, 95% CI = 0.25-0.81). Perception of partner being HIV positive was significantly associated with IPV in fishing communities (adjPRR = 1.72, CI = 1.02-2.90).
In stratified analysis by gender (Table 5 ), factors such as being married with monogamous marital status (adjPRR = 1.73, 95% CI = 1.02-2.93), having multiple sex partners (adjPRR = 2.32, 95% CI = 1.11-4.85) and having any justification for violence against women (adjPRR = 3.05, 95% CI = 1.99-4.69) were significantly associated with recent perpetration of IPV by men. Men who always used condoms were significantly less likely than those who never used condoms to have perpetrated violence against their female partner (adjPRR = 0.45, 95% CI = 0.28-0.72). Among women in fishing communities, those who were younger, HIV positive (adjPRR = 1.28, 95% CI = 1.00-1.65), reported a recent STI (adjPRR = 1.37, 95% CI = 1.07-1.76), had multiple sex partners (adjPRR = 1.39, 95% CI = 1.05-1.83) and had a partner who used alcohol before sex (adjPRR = 1.42, 95% CI = 1.10-1.83), were significantly more likely to have experienced IPV than other women.
Trading communities In gender-stratified analysis (Table 5) , having multiple sex partners was significantly associated with men's perpetration of IPV (adjPRR = 4.57, 95% CI = 1.87-11.1). Women in trading communities who were married with monogamous marital status (adjPRR = 2.37, 95% CI = 1.08-5.21) but had a partner with multiple sexual relationships (adjPRR = 3.54, 95% CI = 1.94-6.48), had two or more partners outside the trading community (adjPRR = 2.86, 95% CI = 1.09-7.47) and had an STI (adjPRR = 1.45, 95% CI = 1.01-2.09) were significantly more likely to be victimized by IPV than other women.
Agrarian communities In agrarian communities, men in monogamous marriages (adjPRR = 2.16, 95% CI = 1.16-4.03), but had two or more partners outside the community (adjPRR = 1.94, 95% CI = 1.05-3.60) and had partners who used alcohol before sex (adjPRR = 1.56, 95% CI = 1.03-2.35) were more likely to report perpetration of IPV. In contrast, agrarian women from middle income households (adjPRR = 2.26, 95% CI = 1.00-5.11) and those with multiple sex partners (adjPRR = 5.71, 95% CI = 2.56-12.7) were more likely than others to have been victimized by IPV (Table 5 ).
Discussion
We found significantly higher prevalence of HIV infection and past year self-reports of IPV victimization and perpetration, and STI symptoms in fishing communities, compared to trading and agrarian communities in Rakai, Uganda. Syndemic effects of all outcomes (HIV infection, IPV and STI symptoms) were found among women: past year IPV victimization was significantly associated with HIV positive status and self-reported STI symptoms during the same time frame in the fishing communities. Multiple syndemic mechanisms offer explanation to the pronounced links between HIV risk and infection, STI symptomology and experience of violence among women in Rakai's fishing communities. At the relationship level, women in violent relationships commonly lack agency to negotiate safe sex practices with their partners and if they do suggest condom use or lack of interest in sexual intimacy, this may result in forced sex [26] . Abusive partners are more likely than non-abusive partners to have multiple sexual relationships and engage in forced unprotected sex with their partners, placing them at risk for HIV/STI [27] . This is supported by our finding on the association of IPV perpetration with inconsistent condom use among men in fishing communities. Biologically, IPV can negatively impact immune system functioning, thus reducing immunity to HIV acquisition and leading to increased disease progression in HIV-infected women [7, 21] . In terms of health systems, limited coverage of health prevention and treatment services in fishing communities may explain some of the disproportionate burden of HIV infection, STI symptoms and IPV victimization and perpetration found there [25] . This calls for enhanced IPV prevention efforts targeting men in fishing communities in Rakai.
Relative to trade and agrarian areas, a greater proportion of participants from fishing communities reported HIV transmission risk behaviors in the past year, including multiple sex partners, casual relationships, having a partner with multiple sexual relationships, inconsistent condom use, use of alcohol before sex and partner's use of alcohol before sex. Consistent with prior research, these behavioral patterns were more common among men than women [25] . Men's behaviors are likely to have played a role in the presence of syndemic conditions among women in fishing communities. Further, we found that more fishing community participants were from low income households when compared to the other two community types, corroborating findings from other studies in Africa that have associated these risk behaviors and low income with HIV prevalence [19, 28] . Female gender was a shared correlate for the syndemic relationship between HIV infection, STI symptoms and IPV in the fishing communities. Alcohol use, however, was only a common correlate of IPV and HIV infection among fishing communities' participants. Multiple sexual relationships were significantly associated with IPV perpetration (men) and victimization (women) in fishing, trading and agrarian communities. Multiple sexual relationships or partner's multiple sexual relationships were shared correlates for IPV and STI in trading communities and IPV and HIV in agrarian communities. Research from African settings show that levels of IPV are much higher among women with multiple sexual partners than women with only one partner [29] . In our sample, we could not explore the reasons for the relationship between multiple sex partners and IPV since that data was not collected. In research by Zembe and colleagues (2015) , findings suggested that sex in exchange of money and/or gifts boosts male power and sexual entitlement, leading to IPV in cases where women tried to evade sex [29] .
Social norms play an important role in IPV victimization and justification. Any justification of physical violence against a partner appear to increase risk for IPV perpetration among men in the fishing community. Social norms that allow and condone violence against women and norms related to safe sex practices must be considered in developing appropriate strategies for IPV and HIV/STI prevention in the fishing community. Promoting genderegalitarian norms and safe sex norms can lead to behavior change and prevent risk for IPV, HIV and STI among couples in fishing communities.
Partner's use of alcohol before sex was a significant risk factor for IPV victimization among women in fishing and trading communities, and IPV perpetration among men in agrarian communities. Problematic alcohol use has been associated with IPV perpetration as well as HIV infection in studies in Africa [22, 30] . In our study, women's use of alcohol before sex in fishing communities and partner's use of alcohol before sex in agrarian communities were significantly related to HIV infection among women. Thus, alcohol use can place individuals at risk for both IPV and HIV. IPV and HIV prevention efforts in Uganda, therefore, need to address alcohol use among women as well as their partners. RHSP adapted, implemented and evaluated multiple community and clinic level approaches to address and reduce the intersecting epidemics of IPV and HIV infection, as part of what was named the Safe Homes and Respect for Everyone (SHARE) Project. SHARE was delivered and evaluated between 2005 and 2009 and found to be associated with significant decreases in physical and sexual IPV (including forced sex) against women Bold presents significant variables; Only variables significant at .05 level in the univariate analysis were entered into the multivariate model; The types of occupation categories were changed for males and females in fishing, trading and agrarian communities. In fishing communities, fishing was the reference group for males with other occupation categories being agriculture, business and other; In trading communities, males' occupation types were classified into trading, agriculture and other with trading being the reference group; For males in agrarian communities, the reference group was agriculture, with business/trading and other categories. For women, occupation categories included housework, agriculture, business, hotel/bar and other with housework as the reference group and HIV incidence in the general population [31, 32] . RHSP's IPV and HIV prevention efforts (i.e., the SHARE intervention), however, were limited to only 4 of the 11 Rakai's trading and agrarian communities. Since most of the agrarian and trading communities were not exposed to SHARE, the two communities are unlikely to differ from fishing communities in IPV rates due to non-exposure to SHARE. Beyond interpersonal risks, the contexts within which people live also plays an important role in HIV/STI acquisition and IPV. For instance, RHSP data from local fishing communities highlight significant disparities in HIV prevalence and incidence. In 2011, HIV prevalence in the fishing communities was estimated at 42.4% with high incidence of 3.9/100 person years where, by comparison, HIV prevalence was 17% in trading and 14% in agrarian communities [25] . The magnitude of IPV, however, as well as its associations with HIV infection have not been established in Rakai's fishing areas. These findings can be used to further expand SHARE to address the syndemics of IPV, HIV and STI in the fishing communities in Rakai.
In fishing communities, women from low income households were more likely to be HIV infected than other women. Studies have found a relationship between low socio-economic status and HIV prevalence [20, 31] . Bold presents significant variables; Only variables significant at .05 level in the univariate analysis were entered into the multivariate model; The types of occupation categories were changed for males and females in fishing, trading and agrarian communities. In fishing communities, fishing was the reference group for males with other occupation categories being agriculture, business and other; In trading communities, males' occupation types were classified into trading, agriculture and other with trading being the reference group; For males in agrarian communities, the reference group was agriculture, with business/trading and other categories. For women, occupation categories included housework, agriculture, business, hotel/bar and other with housework as the reference group
Women who come from low income households may engage in HIV risk behaviors such as transactional sex for money. Further, a low-income background reduces access to information about safe sex practices and inhibits ability to put this knowledge into practice [31] . We found education to be protective against STIs among women in fishing communities. In a systematic review in Africa, HIV prevalence was found to decrease consistently over the years (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) among highly educated groups [32] . Thus, programs are needed to promote education, particularly among low-income households in Uganda such as PREPARE, a school-based HIV and IPV prevention program on adolescent sexual risk behavior and IPV [33] .
Belonging to a large family was a protective factor for HIV and STI among women in fishing, trading and agrarian communities. A large family can be a source of social support. In a systematic review, existing studies indicated that higher levels of social support, consistent with HIV prevention efforts, are related to fewer HIV-related risk behaviors among heterosexual adults in general and female sex workers [34] . In contrast, with the other groups, we found that men in the fishing communities with larger families were more likely to be HIV infected than those with smaller families. One explanation could be the characteristics or social norms of the social support men in fishing communities receive from their families. Social norms (e.g., norms related to condom use) being inconsistent with HIV prevention may reinforce HIV risk behaviors [34] . HIV prevention efforts for men in fishing communities must consider dynamics of relationships within the family and other people in their social networks.
The strengths of this study include a large sample size and identification of shared or unique factors related to HIV infection, STI symptoms and IPV outcomes comparing the three communities and incorporating gender differences. Limitations include the use of self-reported measures for most variables including STI symptoms and IPV. Self-reported STI symptomatology can serve as a proxy for STI infection but might not be fully accurate and could either over or underestimate the magnitude of problems. For IPV, the measures were dichotomized and did not capture frequency or severity of IPV. Future research may include biological measures for STI and more in-depth examination of characteristics of IPV. In addition, we conducted a cross-sectional analysis and were unable to determine the direction of causality. Despite these limitations, the study provides useful insights on differences between the three communities and gender differences within each community on factors related to HIV infection, STI symptoms and IPV victimization and perpetration. This research supports the need for contextually integrated and gender specific integrated HIV/STI and IPV prevention and interventions for the residents of fishing, trading and agrarian communities in Rakai, Uganda.
Conclusion
Using a syndemic perspective to understand intersecting epidemics of HIV, STI and IPV and identify shared risk factors that influence HIV, STI and IPV can inform public health interventions among populations in Rakai, particularly those in fishing communites. Our findings can be useful for developing targeted combination interventions for fishing communities in Rakai, Uganda. Interventions may address risky behaviors among the high-risk groups and norms supporting use of violence against women. Our research also suggests that men and women may have different HIV, STI and IPV prevention needs. This calls for gender-focused approaches to address factors that contribute to HIV, STI and IPV. 
